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Environmental implicationsAbstract The present work aims to introduce the ﬁndings of the investigations of the surface tex-
tures of the quartz sand grains and their contribution to the history of sedimentation and diagenesis
processes of the studied northern, middle and southern khors sediments in Lake Nasser. The surface
textures observed in the quartz grains of the studied sediments emphasize both mechanical (i.e.,
upturned plates, meandering ridges, mechanical V-shaped pits, conchoidal fractures and oriented
cleavage like plates) and chemical (i.e., silica precipitation and dissolution) features. The precipita-
tion and dissolution phenomena are represented by silica globules, silica overgrowths, dissolved
upturned plates, and diatoms plastered on sand grains. Such features imply a history of sedimen-
tation of the khors sediments in Lake Nasser including deposition by aeolian processes, then ﬂuvial
sedimentation. The effect of consequent diagenetic processes in the khors sediments is represented
by silica precipitation and dissolution features. The quartz surface texture reﬂects implications of
the original aeolian environment of some grains in spite of the diagenesis effect.
ª 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Many studies on the sedimentological, mineralogical and geo-
chemical characteristics of Lake Nasser sediments, and its
khors have been generally, brieﬂy surveyed and was the focus
of many authors (Gindy, 2001, 2010; Gindy and El Dardir,
2008, 2009; Goher and Ali, 2009; Iskaros and El Dardir,
2010; Darwish, 2013; Goher et al., 2014). Gindy (2010) con-
cluded that the heavy and clay minerals in khors sediments
of Lake Nasser may conﬁrm the effect of local contributionof such minerals from the surrounding country rocks.
Iskaros and El Dardir (2010) showed that the highest standing
group of benthos accompanied by silt and clay fractions, has a
high content of organic matter. Goher et al. (2014) stated that
Lake Nasser sediments may be represented as a reference for
the pre-industrial background of River Nile sediments down-
stream Aswan High Dam. Although many studies have been
carried out concerning quartz surface textures of the Nubian
Sandstone in Egypt (Kholief, 1982; Ahmed and Soliman,
1988; Philobbos et al., 1990), the study of quartz surface tex-
tures on the khors sediments of Lake Nasser has received
minor interest. Ahmed et al. (1993) who concluded that the
scanning electron microscope investigation of the quartz sand
grains showed the presence of mechanical and chemical
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depositional environment of the Nubian Sandstone. The objec-
tive of this study is to introduce the ﬁndings of the investiga-
tions of the surface textures of the quartz sand grains and
their contribution to the history of sedimentation and diagene-
sis processes that were carried out for the ﬁrst time in the main
northern, middle and southern khors sediments on both east-
ern and western banks of Lake Nasser.Geological overview
Lake Nasser (300 km length) forms a great part of the lower
Nubian plain as an area furrowed bymany khors (ravines) ﬂow-
ing towards the eastern andwestern shorelines. Crystalline rocks
cover about 25% of the Lake Nasser region on both the eastern
and western side of the lake. Such rocks were formed during
Precambrian, while some of them (volcanics) are assigned to
the post-Cretaceous time. Rocks belonging to the Nubian
Sandstone facies are also exposed and form the eastern andwest-
ern banks of the lake (El-Ramly, 1973) (Fig. 1).Materials and methods
Thirty surface sediment samples were collected of bottom sedi-
ments using Ponnar bottom grab with an opening of 234 cm2
(1/43 m2), and research boat during winter (January) 2014.
Tenmain khorswere selected onboth eastern andwestern banks
along Lake Nasser, namely (from north to south); El-Ramla,
Kalabsha, Wadi-Abyad, El-Allaqi, El-Sabakha, Singari,
Korosko, Tushka, Or and Adindan (lying 10, 55, 70, 110, 125,
175, 180, 245, 280 and 300 km south of the High Dam, respec-
tively) representing the northern, middle and southern khors.
Of these, 3 samples were taken from mouth, middle and closure
of each khor (Fig. 2). The collected samples were quickly packed
in air tight polythene bags. Then, subsamples of the sediments
were oven dried at 105 C and ground using agate mortar. The
dry sieving technique (Folk, 1980) for the sand fraction was car-
ried out by using a Ro-Tap Mechanical Shaker for 20 min for
each sample. The procedures used for cleaning quartz grains
for the scanning electron microscope examination are those as
described by Krinsley and Doornkamp (1973). The treatment
includes; boiling, washing and organic debris removal. The sam-
ples were examined ﬁrst under a binocular microscope, where
the polycrystalline grains were rejected in order to avoid the
complexities of grain boundaries. Approximately 60 monocrys-
talline grains ranging from 0.25 to 0.50 mm in diameter and rep-
resenting 30 samples were studied for the surface textures. The
samples were coated with gold ﬁlms and examined with a
JEOL T 200 Philips Scanning Electron Microscope at Assiut
University.Results and discussion
Quartz grains collected from the studied khors sediments in
Lake Nasser display a distinct set of surface features.
Mechanical and chemical features are dominant types of sur-
face textures of the studied quartz sand grains. Each one has
different characteristics in types and styles of shapes, as
described below (Figs. 3–10).Mechanical features
Mechanical features included upturned plates, meandering
ridges, mechanical V-shaped pits, conchoidal fractures and ori-
ented cleavage like plates (Figs. 3–6) that indicate an aeolian
and ﬂuvial origin (Krinsley and Donahue, 1968; Margolis
and Krinsley, 1971, 1974; Higgs, 1979; Krinsley and
Wellendorf, 1980).
Upturned plates
The upturned plates are recorded in most of the scanned
quartz grains of Khor Kalabsha, Khor El-Allaqi, Khor
Singari, Khor Korosko, Khor Tushka and Khor Adindan
sediments (Fig. 3). It is well represented in Khor Kalabsha,
Khor Korosko and Khor Tushka samples. They are a series
of thin parallel plates, either continuous or discontinuous,
and are usually oriented at an angle to the grain surface.
This angle varies with the degree of surface curvature
(Margolis and Krinsley, 1971). One of the ways in which these
plates can be produced is by abrading crushed quartz grain in a
simulated wind machine or by collisions in sand storms
(Krinsley and Wellendorf, 1980).
Meandering ridges
Meandering ridges are observed in most of the scanned quartz
grains in the studied sediment samples of Khor Kalabsha,
Khor Wadi-Abyad, Khor El-Allaqi, Khor Korosko, Khor
Tushka and Khor Or (Fig. 4). It is more frequent in Khor
El-Allaqi and Khor Tushka samples. They are deﬁned as the
intersection of slightly conchoidal breakage patterns and grad-
ed arcs. Such fractures are all of mechanical action, and are
supposed to be produced only in aeolian and glacial environ-
ments (Krinsley and Donahue, 1968).
Mechanical V-shaped pits and curved grooves
Mechanical V-shaped pits on quartz grain surfaces occur as
triangular V-shaped pits ranging in diameter from 0.8 to
8.8 lm and it is well represented in Khor El-Allaqi, Khor
Korosko and Khor Tushka sediment samples (Fig. 5). The for-
mation of the mechanical V-shaped pits is attributed to impact
in subaqueous and aeolian environments, particularly those of
a relatively high energy environment (Higgs, 1979). Gindy and
El Dardir (2008) showed that the khors sediment samples lie in
the rolling (66.7%) and high turbulence graded suspension
(33.3%) regimes, when plotting its grain size parameters on
Passega and Byramjee’s (1969) diagram. This conﬁrms the
high energy environment as deduced from the present quartz
surface texture study.
Conchoidal fractures and oriented cleavage like plates
Conchoidal fractures and oriented cleavage are observed in
some of the examined quartz grains of Khor El-Allaqi and
Khor Tushka samples (Fig. 6a and b). Margolis and
Krinsley (1974) stated that: when collision occurs with uniform
compression between two sand grains or between a single grain
and a rough surface, many types of conchoidal breakage pat-
terns may be produced. This agrees with what has been found
by Margolis and Krinsley (1971) that conchoidal fractures are
not common in an aeolian environment, but in an aqueous
environment, probably ﬂuvial.
Figure 1 Geological map of Lake Nasser after CONOCO and EGPC (1987).
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Figure 2 Location map of khors sediment samples studied in Lake Nasser.
Figure 3 Scanning electron micrographs showing upturned plates.
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Comprehensive chemical diagenesis affecting the khors sedi-
ment samples of Lake Nasser is obvious and clear. This is
explained by two phases of silica precipitation and dissolution
(Figs. 7–10). Like these chemical phenomena have beenconsidered, as predicted by Higgs (1979), to relate to weather-
ing phenomena under acidic conditions.
Precipitation features
Silicaglobules.Silicaglobules formingroups inprotectedpartsof
grain surfaces, where there are pore ﬂuids that tend towards
Figure 4 Scanning electron micrographs showing meandering ridges.
Figure 5 Scanning electron micrographs showing mechanical V-shaped pits.
(a) (b)
Figure 6 Scanning electron micrographs showing parts of the conchoidal fractures (a) and oriented cleavage like plates (b).
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1975;Higgs, 1979). These have been observed in few of the inves-
tigated quartz grains of Khor Kalabsha, Khor El-Allaqi and
Khor Tushka samples (Fig. 7). Their presence is attributed to
their subjection to acidic weathering conditions (Higgs, 1979).
Silica overgrowths. Silica overgrowths and dissolution occur
sparsely in solution cavities of some quartz sand grain surface
in Khor Kalabsha, Khor Wadi-Abyad Khor El-Allaqi, Khor
Korosko and Khor Tushka samples (Fig. 8). The inner surface
of cavity is lined with quartz crystals forming a druse texture.
Higgs (1979) attributed the origin of the silica overgrowths to
formation under acidic weathering conditions.Dissolution features
The dissolution features are attributed to the alkalinity condi-
tions (Krinsley and Donahue, 1968; Krinsley and Doornkamp,
1973). Such features occurred in most of the examined quartz
sand grains. The dissolution phenomena are represented by
dissolved upturned plates and diatoms plastered on sand
grains (Figs. 9 and 10).
Dissolved upturned plates. The dissolution features occurred as
dissolved circular pits, varying in the size from 1.15 to 1.65 lm
(Fig. 8), or partially as dissolved upturned plates recorded in
most of the scanned quartz grains of Khor Wadi-Abyad,
Khor El-Allaqi, Khor El-Sabakha, Khor Korosko, Khor
Figure 7 Scanning electron micrographs showing silica globules.
Figure 8 Scanning electron micrographs showing silica overgrowths and dissolution.
Figure 9 Scanning electron micrographs showing partially dissolved upturned plates.
Figure 10 Scanning electron micrographs showing diatoms plastered on sand grains.
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Quartz grains’ surface textures 47Singari, Khor Tushka and Khor Or samples (Fig. 9). It is more
frequent in Khor El-Allaqi, Khor El-Sabakha and Khor
Tushka samples. The latter partially dissolved illustrated that
the implications of aeolian features (upturned plates and
meandering ridges) have survived in spite of the consequent
diagenetic processes (silica precipitation and dissolution)
features.
Diatoms. Scanning electron microscope examination indicates
the presence of abundant diatoms plastered in most investigat-
ed samples of the scanned quartz grains at the northern khors
(El-Ramla, Kalabsha, Wadi-Abyad and El-Allaqi), at the mid-
dle khors (Singari and Korosko), and at the southern khors
(Tushka and Adindan) sediments. Besides, the present investi-
gation revealed that the observed diatoms were well represent-
ed in two northern khors (Kalabsha and Wadi-Abyad), and at
only one southern khor (Tushka) sediments (Fig. 10).
The above mentioned results stated that the scanned quartz
sand grains from an aeolian origin and characterized by some
features (such as: upturned plates and meandering ridges) were
still well preserved in spite of the effect of consequent diagenet-
ic processes (such as: silica precipitation and dissolution fea-
tures). Therefore, the quartz surface texture reﬂects
implications of the original aeolian environment of some
grains in spite of the diagenesis effect.
Conclusions
Scanning Electron Microscope investigation of quartz grains in
the studied khors sediments of Lake Nasser indicates the pres-
ence of mechanical and chemical features. The mechanical fea-
tures comprise upturned plates, meandering ridges, mechanical
V-shaped pits, conchoidal fractures and oriented cleavage like
plates. Chemical features are intensively imprinted in the study
of quartz sand grains, where such processes have revealed two
markedly phases both silica precipitation and dissolution fea-
tures that include; silica globules, silica overgrowths, dissolved
upturned plates, and diatoms plastered on sand grains. Such
chemical features represented the ﬁnal implications on the sur-
face of the quartz grains and probably destroyed themechanical
features of the ﬂuvial processes. Nevertheless, other mechanical
features such as upturned plates and meandering ridges that
indicate an aeolian origin have survived in spite of the diagene-
sis effect. The study of the surface features of the quartz grains
of the khors sediments along Lake Nasser revealed its history of
sedimentation. Such history is reﬂected by aeolian process, ﬂu-
vial sedimentation, and diagenesis by silica precipitation and
dissolution.
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